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CATT HODE COMPOSITIONS AND METHOD FOR LrmiUM^ nT^ ^^T ^ 
rONSTRTTrTTONHAVINC A I.TTTTTUM COMPOUND ADDITIVE, 



This invention relates to cathode compositions for lithium-ion cells and other 
metal ion cells which have a metal compound additive, to eliminate irreversible capacity 
bss. 



Prior art cells and for e:!aimple lithium-ion cells suffer from an irreversible 
capacity loss of about 10% dxmng the first operating cycle, which is due to the formation 
of a passivation layer on the carbon anode sur&ce. This phenomenon reduces the ©oergy 
density of the cell- 
Prior art patents addressing this problem propose various additives in the liquid 
electrolyte of the cell. These additives, for example, 2% vinylene carbonate or vinyl 
acetate create their own passivation layer on carbon, but the preferred additives are very 
expensive, and do not fully eliminate, but merely reduce the amount of irreversible 
capacity toss. Additionally, the prior art additives usually negatively affect the cycle life 
of the cell 





ELIMINATING IRREVERSIBLE CAPACITY LOSS. 



BACKGROUND OF THE INVKNTTON 



FIELD OF THE INVENTION 



DESCRIPTION OF THE PRIOR ART 
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Another prior art patCTt proposes an extra 5% lithiation of manganese oxide 
spinel in a high traqjerature chemical process prior to febricating the cathode; in which 
LiOH is mixed with Mn02 and the LiOH is decon:q)osed by heat, resulting in Lii.o5Mn204. 
The spinel is then used with a binder and carbon bkck to form the cathode electrodes of a 

5 lithium-ion battery. The extra 5% oflithium is consumed for the anode passivation 

during the first cycle of the battery, leaving 100% capacity for the consequent cycling. 

The disadvantage of this system is in the high cost of the heat energy consuming 
chemical process, and it is limited oidy to the manganese oxide spinel, since other known, 
oxides do not accept the extra lithium iato their crystalline structures, such as cobalt 

10 oxide or nickel oxide. 

The addition of a lithium compound, such as a lithium carbonate additive to the 
cathode slurry composition, results in a composition, v^en formed mto a cathode, that 
does not have an irreversible capacity loss, and provides many positive advantages not 
found in the prior art structures. 

15 SUMMARY OF THE INVENTION 

It has now been found that complete elimination of the irreversible capacity loss 
of a lithium-ion cell can be readily achieved by admixing an ine>q)ensive and lightweight 
lithium carbonate (Li2C03), or other such lithium compound additive into any lithium 
based positive electrode (cathode) slurry or paste, before coating the sluny onto a 

20 substrate. The slurry may comprise, for example, a lithiated metal oxide (such as 
LiCoOi, LiNiOi, LiMn204,LiCoNi02, LiV205. etc.) or any lithiated cathodic material, 
carbon black, a binder, and optionally a solvent The slurry is coated, or extruded and 
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pressed onto a metal current collector substrate, and the solvent is evaporated if 
necessary, to form the cathode electrode, vAmh may be used in a lithium-ion celL 

It has also been found, that the LiiCOa and other lithium con^unds decon:5)Ose 
electrochemically in the cell upon charge. This extra lithium from the lithium compoimd 
5 replaces the lithium irreversibly lost in passivating the anode carbon surfece, or any 

Hthium-ion anode surfece, and 100% of the lithium capacity from the lithiated cathode 
material is then available for cycling* The irreversible capacity loss is thus completely 
eliminated* The excess CQ2 by-product gas is vented out. Other metal compounds can 
be similiarly used, matching the selected chemistry of the cell. 
10 The principal object of the invention is to provide a cathode conq>osition for 

lithium-ion cells and other metal-ion cells which eliminates the irreversible capacity loss- 

A further object of the invention is to provide a cathode conq>osition of the 
character aforesaid which is particularly suitable for economical mass production* 

Other objects and advantageous features of the invention will be apparent from 
1^ the description and claims. 

DESCRIPTION OF THE DRAWINGS 
The nature and characteristic features of the invention will be more readily 
understood from the following description taken in connection with the accompanying 
drawings forming part hereof in which: 
20 The FIG. is a graph of tests of a cell having a cathode composition constructed in 

accordance vnih the invention. 
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It should, of course, be understood that the descrq>tion and drawings herein are 
merely illustrative and that various modifications and changes can be made in the 
conq)o$itions disclosed without departing from the spirit of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

When referring to the preferred CTibodiments» certain terminology will be utilized 
for the sake of clarity. Use of such terminology is fnt^ded to encon:9)ass not onfy the 
described embodiment, but also technical eqxuvalents \^ch operate and function in 
substantially the same way to bring about the same result. 

Lithium metal oxides such as lithium cobaltate, lithium manganate, lithium 
nickelate, or other related lithium transition metal oxides actually store or suppfy the 
reversible flow of lithium-ions during charging and discharging in a lithium-ion battery. 
However, the irreversible lithium loss from the cathode occurs on the initial charging 
cycle when it is lost in irreversibly passivating the anode. 

Since a commercial cell (battery) is essentialb^ balanced with respect to electrical 
equivalency of the cathode and anode material, the overall potential energy density of the 
battery is reduced approximately 10%. 

The cathode composition to be described is usefiil in lithium-ion cells of well- 
known type, and eliminates the irreversible capacity loss of approximately 10% which 
results from the passivation layer formed by lithium on the carbon anode sur&ce of the 
cell. 

The cathode composition can be any lithium based positive electrode (Cttthode) 
sluny or paste to which the lithium conq>ound additive is added prior to it being coated 
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onto a metal currest collector substrate to fbnn a cathode electrode, and then used in a 
lithium ion celL 

Therefore if a lithium source which is conq)atible with the cell is added to the 
cathode and has a significantly higher lithium content by weight % than the active lithium 
5 metal oxide, a net gain of retained energy density and capacity results, 

Fpr example! 

Lithium carbonate contains approxinmtely 19% of lithiimi by weight. 

Lithiated cobalt oxide (LiCo02) contains approximately 7% lithium by weight. 

If 42g of LiCo02 is used in the slurry mix, ihc lithiated cobalt oxide contains 2.94g 
10 of lithium. (=7%) 

The additional 10% of LiNapproximately 0.3g is supplied by adding 1.58g of 
Li2C03 to the slurry, (1.58 x 0,19 = 0.3) containing approximately 19% of lithium by 
weight. The additional 10% of lithium makes \xp for the irreversible lithium lost on the 
initial charge cycles. . 

15 The excess CO2 by-product gas is vented out of the cell, during cycling, and/or 

the cell is repackaged and sealed. 

An amount of Li2C03 additive in the range molecularty equivalent to 2% to 40%, 

and preferably 10% of the lithium atoms contained in the cathode material should be 

added to the cathode mix prior to coating or formation of the cathode. This depends on 
20 the usual irreversible loss of the carbon type used in the anode, or otiier anodic material 

type used. Li2C03 decomposes electrochemically in the cell upon initial charging. 
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After tibe excess CO2 is vented out, only 0,7% % of the LiCo02 weight is added 
by this extra 1 0% of lithium, and it remains in the cell, which is a small weight increase 
for the benefit of a 10% capacity mcrease* 

Lithium carbonate is of relatively low cost which also eliniinates the need for 
5 expensive additives in the electrolytes. 

Hus method can be ^plied with any lithium-ion cathode type to passivate any 
lithiumrion anode type, in a cell. 

Of course, if less LiiCOa than required is added to the positive electrode 
composition, then the irreversible capacity loss is only reduced, not eliminated. If more 
10 \ LiiCOa is added than required, the added weight decreases the overall cell energy 

density. Lithium plating on the anode may also occur, which is dangerous and should be 
avoided. The cell electrodes should be therefore balanced, which means having 
approximately tiie same capacity. 

Other cell compatible lithium compounds may be added to the cathode slurry to 
15 fimction as a lithium source for irreversible loss, providing that these sources have a 
lithium content substantially greater by weight % than the lithium metal oxide cathode 
materiaL In order to be practical, the compatible lithium compound should have a 
lithixmi content greater than 1 0% by weight. The amoxmt of lithium compound to add 
should contain enough lithium to be approximately equival^t to the amount of lithium 
20 irreversibly lost by the lithium metal oxide component of the cathode. Useful range of 
addition of these lithium con[q)ounds is 0.1% to 10% by weight of slurry mix excluding 
solvent. 
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EXAMPLE 

The cafliodesluny was prepared by mixmg with a high qjeed stirrer for 1 how 
1 lOg dimethoxyethane (DME) as a sohrent, in a closed bottle and containing 



1. 


1 1 .25g PVDF/EIFP 2801 (Atofina) 


14.7% 


2. 


17.25g proprietaiy plasticizer 


22.5% 


3. 


42gLiCo02(FMC) 


55% 


4. 


1 .6g L^COb (Lithchem) 


2% 


5. 


4.5^ Svq>er-P Carbon fBurachem) 


5.8% 


Total 


= 76.6g 


100% 



10 The slurry, as described above, was used to construct a cathode electrode and the 

cathode electrode was used in a lithium-ion cell* activated by IM LiPF6 BC/DMC/EMC 
(1:1:1) electrolyte. The LiaCOs is useful in the range from 0,1% to 10% by weight The 
plasticizer can be also replaced by an electrolyte in the slurry. 

The weight of the cathode electrode without the current collector was 0.80g which 

15 at 55% loading by LiCoOa had 0.44g of this active material therein. At 137 mAhg 
capacity of this material, the 100% e3q)ected capacity was 60 mAh. A MCMB 
(mesocarbon microbeads) based anode was sized and balanced to also accept the 
additional 10% of lithium (=6mAh) upon charge, provided from the LiiCOa in the 
cathode, which totaled 66 mAh. The cell was tested on MACCOR Tester, Model 2300 at 

20 C/5 rate and the capacity is illustrated in the FIG. 
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Charge Cycle CapmAh 

1^ charge 66inAh 
l^'Disch. 59mAh 
6^ charge 60 mAh 

6^ Disck 60 mAh which is 1 00% of the e>9ected cathode 



capacity of the cell 

The subsequent cycles had abnormally shallow decline angle of the capacity 
curve, better than standard comparable cells without the LiaCOa presence in the cathode. 
LfeCOa presence also minimizes or reduce the capacity declme, "wbich is an additional 
benefit. 

This test was repeated with several cells with substantially the same results, and 
demonstrated that the LisCOs decomposes electrochemicaUy, and that the balanced 
LiaCOa addition to the cathode completely eliminates the irreversible capacity loss, and 
then minimizes the capacity decline. 

Other lithium conpounds can be simileprly used, such as Li2S03, LiF, LiaO, LiaN, 
lithium oxalate and their mixtures including LiiCOa and provide similar results. 

It should be noted, that this invention is not limited to lithium-ion cells. Other 
metal ion type cells may use other metal carbonates or other metal compounds matching 
the selected chemistry of the cell to eliminate irreversible loss, and/or to reduce capacity 
decline. For exanc5)le: sodium-ioncellwouldusesimilarly sodium carbonate, or 

other sodium compounds like NaaSOa, NaF, NaaO, NaaBOa including their 
mixtures and provide similar results. 

It will thus be seen that cathode conqjositions have been provided with which the 
objects of the invention are achieved. 
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